revolution, to implement Industry 4.0 solutions simultaneously at all levels of the business structure. Changes are introduced sequentially in various (selected) business segments (implementation of partial solutions). The scope of these changes is described in the first part of the work: Steel production in Industry 4.0. This part of the work was based on a study of literature and observation of changes in the steel sector in Poland. Observation was conducted by the author of this publication. Changes in production in the perspective of further development of Industry 4.0 in aspects of both mass and personalized require the use of predictive methods to production plan and control maintenance. Thanks to sensors, algorithms, advanced analytics and the ability to draw conclusions from information, producers can more effectively control production. Digital technologies connect machines, products and teams, creating new opportunities, including virtual simulations, advanced analysis, spatial printing, remote expertise and real-time collaboration. Technologies used in Industry 4.0 combine reality with virtuality. As a result, the real-time monitoring system removes employers into a virtual image (space). Current information is compiled with perspective information. The dual system of device operation analysis gives the possibility of controlling the production process in the extended horizon: virtual or extended reality (VR/AR) (Jasperneite, 2012; Sendler, 2013) . The production prediction is based on the regularities characterizing the forecasted phenomenon and the dependencies between the various components of production (cause-and-effect relationships, similarities in development, symptomatic relationships between the forecast phenomenon and other phenomena) (StatSoft, 2012 , Dittmann, 2011 . In the perspective of the in the latest technological solutions in steel production that are expected to bring metallurgical enterprises to the level of 4.0, a prospective analysis of the production volume is necessary. In part of the work: Forecasts of the world steel production summarized the forecasts prepared by the author of this publication. This combination of steel production forecast (Table 1) can be a valuable research material for the short-or medium-term planning of steel production by steelmaking companies with global and international reach.
STEEL PRODUCTION IN INDUSTRY 4.0
The changes implemented in manufacturing enterprises (steelmaking companies) aspiring to the role of leaders in Industry 4.0 are an alternative to the traditional development of the enterprise. Enterprises of individual industry sectors are currently at various stages of investment work progress, which are to lead companies to achieve the level 4.0 (Saniuk et al., 2013) . Investment projects are most often implemented in a selected manufacturing process for a specific product or group of products within core business (Kagermann, et al., 2013) . Enterprises from various industry sectors implement pilot projects (start-up programs). Such programs are a form of gradual changes in production. Enterprises adopt a two-pronged production strategy, implementing and improving traditional production and investing in digital technological solutions that are to lead to the creation of autonomous cyber-physical production systems -CPPS. Such a way of development of companies allows them to produce and sell on the one hand as it has been so far (not every production profile requires installation of robots), and on the other hand they can monitor, modify and service real-time production equipment. Stock market investors more and more often pay attention not to material resources (factories, machines) but to innovation, technology and knowledge. There are industries on the market where the scope of implemented changes on the way to smart production is larger (wider) than in other industries, eg automotive sector. In industries belonging to heavy industry: mining and metallurgy, innovations are more traditional. ArcelorMittal Poland invests in advanced technologies and in computer software production and related processes. Investment works are carried out on individual devices, obtaining computer control of their work (exemplary devices: blast furnace, converters, plastic processing equipment) and on selected metallurgical products obtained using the latest technological advancements, eg modeling of 3D products. Thanks to sensors, algorithms, advanced analytics and the ability to draw conclusions from information, production companies can more effectively eliminate bottlenecks in production. Data from devices are gathered in one place -data center. The existing IT and computer systems implemented in metallurgical enterprises, eg ERP, SAP are expanded and adapted to the requirements of intelligent production control (software customization). Examples of investments carried out at ArcelorMittal Poland in recent years: modernization of a blast furnace in Cracow, refurbishment of heaters, a new blast furnace cooling system, hybrid filters in the sintering belt sintering system in Dąbrowa Górnicza (the first such installation in Poland). These investments are solutions outside the Industry 4.0, but significantly reducing the impact of steel production on the environment (lower water and coke consumption, reduction of emissions) (Special Report, 2018). Investment implementations are part of the area of change known as "zero waste" and Lean Manufacturing (Grabowska, 2018; Furman et all., 2017) and higher efficiency in production (Gajdzik & Galwik, 2017) . In the last 30 years, steel production in Poland has changed radically, obsolete and uneconomical steel production technologies have been withdrawn, the level of work automation has increased and manual labor has been reduced (Gajdzik, 2013) . Currently, metallurgical enterprises (international capital groups) are seeing deeper automation and stronger integration of infrastructure and data. The process of digitization and computerization is primarily implemented in the area of production harmonization. Industry 4.0 also enters the sectors related to steel production. The industry in a particular way conditioned in the implementation of Industry 4.0 solutions is welding -welding robotics of individual elements in enterprises. Modern technology are used in industry branches (sectors) that are associated with rather less complicated production, such as: steel constructions, agricultural machinery, metal fences. In addition to production, changes are introduced in logistics -modern warehouses of steel products, equipped with automatic devices for registering and servicing orders -steel structure warehouse in Dąbrowa Górnicza belonging to Thyssen Energo Stal (Gajdzik, 2019; Kramarz, 2012 ). An important area of change is also building new customer relationship. ArcelorMittal has launched the Steel Advisor for Industry platform. The platform is an online guide and helps customers find the right metallurgical product depending on the target application. Transformations in production have an impact on the labor market. Automation, robotization of works and artificial intelligence that is used in machines, robots and software is able to replace a human being. Industry 4.0 requires different competencies of employees in various areas of the organization. Currently, there is a growing demand for: automation and robotics engineers (Report PWC). ArcelorMittal Poland has started recruitment for positions for the servicing of automated production lines, looking for engineers 4.0 (footnote). The existing organizational structures are radically changed by the creation and/or expansion of IT departments and the establishment of data analysis teams, as well as by cyberphysical production systems. Managers for Industry 4.0 are located at the top management level in this organization. Summing up, at the current stage of development of metallurgical enterprises in Poland (taking into account the strong influence of foreign capital, which owns the largest steel mills), the automation of production processes is carried out, by using more and more modern machines, which does not exhaust the essence of Industry 4.0, but these are changes that lead to Industry 4.0. Metallurgical enterprises at the current stage of development, combine and integrate processes and devices with each other, deepening automation and robotization resulting from the previous industrial revolution (3.0) and using cloud computing technology to control production, as well as 3D printing for product design and presentation of market offers (Report PWC). By 2020, the metallurgical industry is planning an annual increase in investment by 4% in the aforementioned work area (weighted average of 5%) (Report, PWC). Investments in IT infrastructure will be developed systematically. Sensors will be installed on individual production machines, as well as solutions allowing to connect production devices to the network and business platforms (Sroka et al., 2014) . New technology creates the intelligent production process with new products (Sitko, 2015) and increases the quality of standards of its. The problem of quality of products is discussed by scientists (Sitko et al., 2018; Gajdzik & Sitko, 2014; Gajdzik & Sitko, 2016) . Forecasts are built on the basis of empirical data in order to obtain production in the future. At the stage of initiating changes in steel production under the pressure of the economy 4.0, the prediction (forecast) of steel production is used in the planning phase of production processes. Steel production forecasts provide information for planning machine load, material demand, determining the range of products and the number of employees. Thanks to production forecasts, technologists can, for example, test and optimize machine settings, harmonize production before starting it physically, shortening material ordering time, etc. Production forecasts are used to simulate production (simulations can use real-time data to reflect the physical world in a virtual model). Information on the course of steel production in metallurgical enterprises (the example of ArcelorMittal Poland) is organized into a vertical pyramid of automation, in which sensors and field devices with limited intelligence and automation controllers supply the superior control system of the production process. In the future, the sector will, like other industry sectors, strive to incorporate steel production technologies into the network (including the protection of critical industrial systems and production lines). Metallurgical enterprises from the data used on the Intranet of the company, while maintaining the principles of cyber security, will create a business platform and block chain.
Forecasts of the world steel production
In this part of the work, steel production forecasts (table1) have been compiled. The sources of empirical data are World Steel Association reports (Steel Statistical Yearbook). The forecasting methodology was implemented sequentially (Dittmann, 2016 pp. 25-33; Green, 2003; Snarska, 2005; Zeliaś, 1997) and included: 1. Formulating the research goal -scientific goal -popularizing built forecasts in the scientific community, 2. Indicating factors that influence the forecasted phenomenon -the global steel market situation (core factor), 3. Collection statistical processing and analysis of forecast data -current steel production trend with random fluctuations caused by the global economic crisis in 2008-2010, 4. Selection of forecasting methods -classic trend models and adaptive trend models (single-equation models), 5. Design of forecasts in the layout: total steel production, BOF steel production, EAF steel production, 6. Assessment of the acceptability of the forecast, 7. Presentation of the obtained forecasts in scientific publications (in accordance with the adopted research goal), 8. Assessment of the accuracy of the forecast -opinions of experts from the steel industry, intuitive assessments, AHP method. This publication summarizes the obtained forecasts in the system: total production and according to technological processes. This structure of forecasts will allow managers to make production decisions, including in the area of introducing technological changes. In Poland, due to the high costs of environmental protection, management considers the decision to replace BOF technology by EAF. However, another problem arises because energy costs in the steel sector in Poland are much higher than in neighboring EU countries, eg Germany (even by approx. 60%).
( [29] [30] were presented on the Figure  2 (point: 3. 2). Source: (Gajdzik, 2018) .
Analysis of trends of obtained forecasts for the world steel production
Analyzing the trends of obtained global steel production forecasts (Figure 2) , a projected upward tendency is observed. In the optimistic scenario, it can be assumed that steel production in the world in 2022 will exceed 2000 million tonnes (Mt in Table  1 ). BOF's share (as before) is larger than EAF. The forecasted BOF steel production is growing faster than the predicted EAF steel production. In an optimistic scenario, it may exceed 1500 million tonnes (Mt in Table 1) in 2022.
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Fig. 2 Forecasts of world steel production
